An audit of ten years' experience in all patients undergoing withdrawal of cardiorespiratory support (WCRS) in the context of donation after circulatory death (DCD) was conducted in Queensland, Australia (2008Australia ( to 2017. One hundred and seventy-one patients proceeded to donation after declaration of death by circulatory criteria with loss of pulsatile arterial blood pressure (circulatory arrest) for five minutes. The demographics, times and haemodynamic observations were abstracted, de-identified and collated. The average age of patients was 43 years (standard deviation 16.1 years) and 63% were male. The median and mean times to an agonal systolic blood pressure below 50 mmHg were 10 and 11 minutes and the median and mean times from WCRS to circulatory arrest were 14 and 16 minutes. After systolic blood pressure fell to 50 mmHg or lower, 33 patients (19.3%) had spontaneous return of systolic pressure to above 50 mmHg. Following periods of circulatory arrest, five patients were documented to have spontaneous return of pulsatile arterial pressure. Two patients had return of circulation after two minutes, but less than five minutes of circulatory arrest and three patients had return of circulation where circulatory arrest had been documented for less than two minutes. Following WCRS, transient restoration of circulation following circulatory arrest may occur, even following two minutes of circulatory asystole, albeit rarely.
In Australia, haemodynamic and respiratory observations of the agonal pathophysiology following withdrawal of cardiorespiratory support (WCRS) and critical care treatments are recorded in potential organ donors. In the context of organ donation after circulatory death (DCD), the close observation ensures prompt determination and correct documentation of the time of death. These clinical records document the duration of ischaemia and hypoxia and assist in determining suitability for organ transplantation. The entries are manually transcribed as intermittent observations from the patient monitors.
The standard for duration of continuous asystole required to determine by circulatory criteria that death has occurred derives, in Australia, from a recommendation from the Australian and New Zealand Intensive Care Society Death and Organ Donation Committee. This expert committee advised in 2008 that a minimum of two minutes of circulatory arrest, and a maximum of five minutes observation be used to determine by circulatory criteria 1 that death had occurred. Subsequently, the National Health and Medical Research Council and the Australian Organ and Tissue Authority published an Australian national recommendation that a minimum of two and a maximum of five minutes of continuous circulatory arrest was required 2 . Each state and territory in Australia has adopted guidelines for determination of death by circulatory criteria in the setting of WCRS and DCD.
Queensland (comprising 20% of the Australian population, and about five million residents) introduced the health procedure guideline Organ and Tissue Donation after Circulatory Death 3 using a standard five minutes of continuous monitoring. The data structure and governance permits the de-identified physiology of organ donors to be reviewed within the state for audit purposes. In Queensland, patients are monitored continuously after WCRS and are not determined to be dead until uninterrupted observation of continuous circulatory arrest (asystole) for a minimum of five minutes. This has provided a unique opportunity to review whether concerns about possible resumption of pulsatile circulation between two and five minutes of circulatory arrest are justified.
The purpose of this retrospective audit is to examine the documented experience over the ten years since the introduction of a DCD program in Queensland in 2008, through to the end of 2017. The particular question posed was whether re-establishment of circulation occurs following circulatory arrest after WCRS.
Methods
A DCD program was introduced in Queensland in 2008 and this initial introduction and evaluation is described elsewhere 4 . The original Queensland guidelines required a standard determination of death by cessation of cardiopulmonary function for at least five minutes as demonstrated by electrocardiography and arterial pressure monitoring. This was based on a recommendation of the Institute of Medicine 5 . Subsequently, the requirement for electrocardiographic monitoring was removed to align with international and national practices, and audit of local experience. The Queensland state DCD guidelines require continuous observation of five minutes of continuous circulatory arrest, as defined by no pulsatile flow on the waveform of an intra-arterial monitor, and confirmed by physical examination, before determination of death.
This audit of the times to asystole and cessation of circulation of patients after WCRS was approved as a low/ negligible risk research project with waived requirements for consent, by the institutional Health Research Ethics Committee (HREC/18/QPAH/140).
The demographics, characteristics and cardiorespiratory observations following WCRS of all patients who proceeded to organ donation following certification of death by circulatory criteria, were abstracted in a de-identified format from the clinical records.
A set of clinical observations including haemodynamic and respiratory observations were manually recorded or entered digitally into patient donor records. From 2008 to mid-2014, the records were kept in a paper format and after 2014 the data was entered into the DonateLife electronic donor record.
All haemodynamic records were examined. Date, hospital code, age, gender and aetiological diagnosis were abstracted. The time of WCRS, the times at which systolic blood pressure fell to 50 mmHg or less, the times of asystole, and the time of determination of death were recorded. Cases were flagged if there was restoration of circulation (return of arterial pulsation on intra-arterial monitoring) after two minutes of circulatory arrest, or if there was restoration of circulation after circulatory arrest which was of less than two minutes duration. If a systolic pressure at or below the lower warm ischaemic threshold of 50 mmHg was observed, and there followed a return of systolic blood pressure to above 50 mmHg, both the nadir and subsequent peak systolic and diastolic pressures were collected.
Results
From the beginning of 2008 to the end of 2017, 171 patients proceeded to donation after determination of death by circulatory criteria in Queensland.
The aetiology of the illness that precipitated the fatal event was most commonly traumatic head injury (30%), spontaneous intracranial haemorrhage, including subarachnoid haemorrhage (26%), and complications arising from cardiac arrest (19%). Hanging (12%), ischaemic cerebrovascular disease (8%), burns (1%), drowning (1%), spinal injury (1%) and a small number of otherwise unclassified conditions (2%) accounted for the remaining aetiologies. The three hospitals with most DCD activity accounted for 33%, 19% and 17% of the cases, with 18 other hospitals facilitating between one and 11 cases over the period.
The average age of patients was 43 years (standard deviation 16.1 years) and 63% were male. The median and mean time to an agonal systolic blood pressure below 50 mmHg was ten minutes and 11 minutes, with range between 0 and 100 minutes and quartiles of five and 13 minutes. The median and mean times from WCRS to circulatory arrest were 14 and 16 minutes with range between three and 103 minutes and quartiles of 11 and 17 minutes.
Following a documented period of circulatory arrest, five patients were observed to have spontaneous return of pulsatile arterial pressure. In each case, the timer was stopped after transient return of circulation, and reset, to be restarted again after circulatory arrest recurred. Determination of death was not made until five minutes of monitored continuous circulatory arrest had been observed. Two patients had return of circulation after two minutes, but less than five minutes of circulatory arrest (see Appendix) and a further three patients had return of circulation where circulatory arrest had been documented for less than two minutes.
Thirty-three patients (19.3%) experienced a spontaneous increase in blood pressure following a systolic blood pressure of 50 mmHg or below. When this occurred, the median of the nadir systolic pressures was 40 mmHg, ranging from 20 to 50 mmHg with quartiles 33 and 45 mmHg. The subsequent peak systolic pressures had a median of 68 mmHg and ranged from 52 to 140 mmHg with quartiles 60 and 85 mmHg. The median change in systolic pressure was 32 mmHg. These increases in systolic pressure were between 10 and 115 mmHg, with quartiles of increment 22 and 44 mmHg.
Discussion
This audit was undertaken to review the timing and haemodynamic records of every death determination following WCRS before DCD in Queensland between 2008 and 2017. In all of the 171 patients, observation of five minutes of circulatory asystole by loss of pulsatile arterial flow was required to determine that death had occurred. Though a retrospective audit, we report a complete series which is large compared to previous publications. There has been growth of DCD across the world with thousands of patients with agonal physiology following WCRS being observed and closely monitored every year. Despite this, there are few published series that contain descriptions of the haemodynamic events that occur during the agonal period in these patients. This audit noted fluctuations of blood pressure detected by intra-arterial pressure monitoring following WCRS. On occasions, this included episodes of circulatory asystole followed by a transient return of circulation as part of agonal pathophysiology following WCRS.
The evidence on which expert recommendations for the minimum observation time for determination are based is limited. For example, the report by the Ethics Committee of the Society of Critical Care Medicine 6 in 2001 concluded that a minimum of two minutes and a maximum of five minutes for the observation period was required. The evidence for the minimum time was based on 108 cases, pooled from the literature between 1912 and 1970. Subsequent support for these recommendations was conditional on there never having been a case reported of auto-resuscitation occurring between two and five minutes of asystole. An observed rate of zero in 108 reports equates to an upper 95% confidence limit of just under three percent. Due to a sparsity of publications, it can be argued that the absence of evidence cannot be taken as evidence of absence.
More recently, an update on auto-resuscitation following cardiac arrest and WCRS by Hornby et al 7 in 2017 also observes that little information is available to quantify the risks of auto-resuscitation. Their literature search identified six episodes of return of circulation following asystole of any duration, in pooled publications of 162 adults who underwent WCRS and had continuous monitoring, with an estimated rate of about four percent. The rate of return of circulation after circulatory asystole of any duration is consistent with our observations. They did not identify a published and peer reviewed example of return of circulation after two minutes of monitored circulatory arrest after WCRS.
The minimum of two minutes is supported by Seth et al 8 , who reported a series from a single trauma centre with 55 adult patients and found no auto-resuscitation. The author's summary conclusion was that these results "… suggest that a two minute observation of asystole is sufficient for determination of death after cardiac arrest".
Dhanani et al 9 report a pilot feasibility study using evaluable arterial pressure data for 30 patients, of whom four (13%) had circulation restarting after between one and two minutes of asystole. One episode (Case #2) that they document is of particular interest, and raises the possibility that autoresuscitation occurring between two and five minutes might well be observed if a larger sample of patients were examined. Case #2 experienced monitored asystole of 170 seconds punctuated by a second of activity at 80 seconds. At 170 seconds, there was return of circulation for a final 35 seconds. The authors described the brief activity during the 170 seconds circulatory arrest as "…not sustained resumption of circulation and not reported clinically", but fell short of postulating this as an auto-resuscitation event. This episode, so close to auto-resuscitation at two minutes and 50 seconds is consistent with the findings of rare auto-resuscitation in our retrospective sample.
In 2016, a retrospective single-centre Australian series of 89 patients by Yong et al 10 reported two cases of interest. One observation was of return of circulation and electrical activity after 102 seconds of asystole and the other return of electrical activity in a patient who did not have pressure monitoring, after three minutes.
Our audit is a review of experiences with a five-minute observation of circulatory arrest and collates the jurisdictional experience of all cases over ten years. It was motivated by the absence of any large systematic evaluation or series, to provide additional information to inform the debate of two minutes or five minutes for observation of asystole, prior to declaration of death. Our audit, together with other publications to date, supports the position that it is more likely than not, that auto-resuscitation has occurred between two and five minutes and is an uncommon manifestation of agonal physiology. The possibility of resumption of circulation, based on the published data after asystole of any duration could be about one in 30 cases. The incidence of transient improvement in blood pressure following periods of extreme hypotension (down to 50 mmHg systolic or below), at levels where the pulse is clinically impalpable, is more common, and occurs in perhaps one in five cases.
Strengths of this report are that it is an audit of all the DCD activity in one Australian state, it is large compared to previous reports with 171 cases spanning a decade from 21 hospitals, there are no biases introduced by patient withdrawal and it was conducted on data collected contemporaneously. This was an analysis with a specific focus and a defined question, pre hoc: is re-establishment of circulation observed following circulatory asystole after WCRS?
It is, however, a retrospective audit with limitations. De-identified data were abstracted from clinical records of intermittent observations. These were collected contemporaneous to the events with a focus on times to ischaemia and circulatory arrest, but not for evaluation of the likelihood of resumption of circulation. Nonetheless, this evidence supports rather than dispels the existence of resumption of pulsatile circulation occurring between two and five minutes after circulatory arrest.
Considerable opportunity exists to describe and study this pathophysiology in the future. Also, the results of the international, Canadian-based Death Prediction and Physiology after Removal of Therapy (DePPaRT) Study (http://www.ddepict.com) will be published shortly. It is a large prospective data collection with continuous multimodal monitoring of about 600 events after WCRS and is expected to provide additional detailed, quality evidence. In the meantime, this audit provides supporting evidence that after WCRS, resumption of circulation can occur after between two and five minutes of absence, albeit rarely. Until further systematic evidence is presented, we urge caution in declaration of death by circulatory criteria if monitoring for absence of pulsatile flow is for less than five minutes.
Case A
A patient in their early 40s sustained severe fatal multitrauma, including head and spinal injuries, with a secondary hypoxic encephalopathy due to cardiac arrest at the time of the accident. After medical consensus among the treating teams of the inevitable, fatal outcome, the prognosis was discussed with the patient's family. As part of end-of-life care, the opportunity for organ donation was offered and accepted, and there was WCRS on the tenth day. The patient was not brain dead at the time of WCRS. The patient was on infusions of morphine and midazolam, in accordance with palliative care practice at the hospital.
There was spontaneous respiratory effort at the time of WCRS, and there was no vasoactive support to discontinue. In the 25 minutes following WCRS, there were three periods of circulatory arrest, with recommencement of output before the final asystole and determination of death. The first circulatory arrest was at four minutes following WCRS with spontaneous restoration of circulation after two to three minutes of pulselessness. Circulatory arrest transiently recurred, at about 10 minutes and 12 minutes after WCRS, however, these durations were neither recorded nor recalled. There was final circulatory arrest at 20 minutes, and determination of death 25 minutes after WCRS. The patient proceeded to organ donation.
Case B
A patient in their late 20s sustained a fatal traumatic head injury, complicated by intracranial haemorrhage. After medical consensus, the prognosis was discussed with the family. As part of end-of-life care, the opportunity for organ donation was offered and accepted, and there was WCRS on the third day. The patient was not brain dead at the time of WCRS, and had no requirement for inotropes or vasoconstrictors. The patient was on infusions of morphine and midazolam, in accordance with local hospital practice.
There was a cough, then apnoea at extubation, and profound hypoxia developed. Circulatory arrest occurred five minutes following WCRS. Between two and three minutes of observed circulatory arrest, there was return of spontaneous circulation, with blood pressure that rose to 140 mmHg systolic, and breathing recommenced. Circulation continued for about 10 minutes, before circulatory arrest recurred, about 17 minutes after WCRS. There was no further return of circulation, and death was determined after five minutes of continuous circulatory arrest.
